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BACKGROUND OF THE INVENTION 



Field of the Invention 

The invention relates to separation of two immiscible liq- 
uids or of a gas and a liquid and simultaneously separation 
of one of the liquid phases into a light fraction and a 
heavy fraction. 

The invention is specifically directed to a vertical column 
with a bed of packing material and with a downward flow of 
two immiscible fluid phases where one phase consists of two 
miscible zones, however, moving so slowly that the zones or 
fractions do not mix and with means for the separations at 
the bottom of the column. 

Description of Related Art 

Both vapour-liquid separation and liquid-liquid separation 
are well established processes in the chemical and petro- 
chemical industries. 

Christman (US Patent No. 4,234,544) discloses separation of 
two liquid phases in an extraction column by use of a large 
volume horizontal separation chamber below each tray. 
Martinsen (US Patent No. 6,071,420) discloses an apparatus 
for separation of immiscible liquids of different densities 
using a vertical inlet pipe, which is surrounded by another 
pipe placed in a separation tank. By heating a stream of 
the mixed layer and recycling it through said inlet pipe a 
high degree of separation is obtained. 



Prior art fails to describe continuously separation of a 
process stream with two fluid phases and simultaneously 
separation of at least one of the liquid phases into a low 
density fraction and a high density fraction, even when the 
fractions are miscible. 

SUMMARY OF THE INVENTION 

The invention provides a separation method and apparatus 
for separating a process stream consisting of two immisci- 
ble fluid phases, where at least one of the phases is liq- 
uid and consists of two miscible zones or fractions. The 
method includes a gravity separation and a float separa- 
tion. The two phases are moving downwards through a packed 
bed in a column and at the bottom of the column a separa- 
tion tray in accordance with the invention is installed. 
The tray separates the two phases and simultaneously sepa- 
rates at least one of the liquid phases into a light frac- 
tion and a heavy fraction. 

The tray consists of at two or three horizontal plates with 
some space between and a number of chimneys extending from 
a distance above the upper plate and down through the 
plates. Two different kinds of chimneys are installed. One 
kind has holes at the top and the other kind has holes just 
above the upper plate. In the pipe where the density sepa- 
ration takes place a contraction and a float above the con- 
traction are installed and the pipe has a hole just below 
the upper plate. The float will distinguish between the 
heavy fraction and the light fraction. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a vertical cross section of a preferred embodi- 
ment of the invention, showing the plates and the two kinds 
5 of chimneys in case the heavy phase is present as a heavy 

zone and a light zone and the light density zone is accumu- 
lated. 

Fig. 2 is a horizontal view showing one embodiment of pre- 
10 f erred distribution of the chimneys. 

Fig. 3 is a vertical cross section of a preferred embodi- 
ment of the invention showing the plates and the two kinds 
of chimneys in case the light liquid phase is present as a 
15 heavy zone and a light zone and the heavy density zone is 
accumulated. 

DETAILED DESCRIPTION OF THE INVENTION 

20 The invention provides a method and apparatus for separa- 
tion of a fluid comprising two immiscible phases, where at 
least one phase is a liquid being present as two zones or 
fractions, and where the two phases flow downwards in a 
packed bed in a column including a tray according to the 

25 invention, where the two phases are separated and at least 
one phase is separated in two fractions with different den- 
sity and chemical composition and being miscible however 
flowing so slowly that the fractions do not mix. 

30 The separations take place in a special tray installed in 
the column. The tray consists of two or three horizontal 
plates and two kinds of chimneys. The plates are installed 
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with some distance between each other; the chimneys extend 
from a distance above the upper plate and down through the 
plates. The chimneys are closed at top and some of them can 
be closed by threaded caps. 

5 

A gravity separation is performed above upper surface of 
upper plate as one kind of chimney has the inlet hole at 
the top of the chimney and the light phase enters through 
these holes, which are sloping upwards to obtain a better 

10 separation. The other kind of chimney has holes just above 
the upper plate and the heavy phase enters these holes. 
The density separation takes place in chimneys equipped 
with a contraction and a float. Which kind of chimneys de- 
pends on which liquid phase is separated in a high and low 

15 density fraction. 

The float has a density between the densities of the light 
fraction and the heavy fraction of the relevant liquid 
phase. Thereby, when the liquid is heavier than the float, 

20 the float is lifted and the liquid flows down through the 
chimney. Similarly, when the liquid is lighter than the 
float, the float rests on the contraction and seals it and 
the liquid flows out through a hole under the plate above 
and is accumulated in the space between the plates. The 

25 high number and the even distribution of chimneys ensure 
efficient separation also if the interface between the 
light fraction and the heavy fraction does not form an 
even, horizontal plane. 

30 In case of an uneven interface, some of the lighter frac- 
tion flows down through some of the float chimneys and si- 
multaneously, some of the heavier fraction flows down 



through the rest of this kind of chimneys. As each chimney 
independently distinguishes between the two fractions, 
still the lighter fraction is accumulated and the heavier 
fraction is flowing down through the chimney also in this 
situation, where the interface is uneven. 

On Fig. 1 a separation tray for separating the heavy phase 
1 into a light and a heavy fraction and accumulating the 
light fraction is shown. The heavy liquid phase will fall 
to the upper bottom 2 while the light liquid phase 3 will 
stream to the low density chimney 4 through the holes 5 at 
the top, where the holes are sloping upwards to obtain a 
better separation. The heavy phase enters a high density 
chimney 6 just above the upper plate, the chimney contains 
a contraction with a float 7 above. 

When the density of the liquid is lower than the density of 
the float, the float will seal the outlet and the liquid 
leaves the chimney through hole 8 just below upper plate 
and accumulates in the space 9 between the two plates. 
When the density of the liquid is higher than the density 
of the float the float is lifted and the liquid flows down 
through the chimney 6. Optionally, these chimneys can be 
closed by threaded caps and the floats can be removed from 
the pipe and replaced by floats with another density, which 
will separate liquids in fractions with other densities. 
One suggested way of distribution of high density chimneys 
10 and low density chimneys 11 is shown on Fig. 2. 

A separation tray for separating the light phase 1 in a 
light and a heavy fraction and accumulating the heavy frac- 
tion is shown on Fig. 3. The heavy liquid phase will fall 



to the upper bottom 2, while the light liquid phase will 
stream to the low density chimney 4 through the holes 5 at 
the top, where the holes are sloping upwards to obtain a 
better separation. 

The heavy phase enters a high density chimney 6 just above 
the upper plate through hole 3. The low density chimney 4 
contains a contraction with a float 7 above. When the den- 
sity of the liquid is lower than the density of the float, 
the float will seal the outlet and the liquid leaves the 
chimney through hole 8 just below upper plate and enters 
the space 9 between the two plates. 

When the density of the liquid is higher than the density 
of the float, the float is lifted and the liquid flows down 
through the chimney 4 to the space 10 between the middle 
plate 11 and the lower plate 12. The light fraction of the 
light phase streams from space 9 to below the tray through 
transfer pipe 13. Optionally, these chimneys can be closed 
by threaded caps so the floats can be removed from the pipe 
and replaced by floats with another density, which will 
separate liquids in fractions with other densities. A spe- 
cific use of the invention is separation in a reactor with 
a liquid process stream and a liquid catalyst, the reactor 
being a column packed with a catalyst support and below 
this a separation tray in accordance with the invention is 
installed. 

The process stream may be a light hydrocarbon and the cata- 
lyst is a volume of a liquid with a density higher than the 
density of the hydrocarbon. The process stream flows down- 
wards, the catalyst is in principle stationary, however, it 



moves downwards as well, however, much more slowly than the 
hydrocarbon. During operation some of the catalyst under- 
goes a change and this spent catalyst has a different den- 
sity than the one of the fresh catalyst. The catalyst vol- 
ume moves slowly towards the bottom as two cylindrical 
zones one with spent catalyst and one with fresh catalyst. 
The fresh and the spent catalyst do not mix, however, the 
interface may not be quite evenly horizontal or plane. 

When the catalyst approaches the reactor bottom, it reaches 
the separation tray, which separates the light hydrocarbon 
from the heavy catalyst, and the float will separate the 
heavy zone or fraction of catalyst from the light fraction 
of catalyst. The high number of separation chimneys ensures 
efficient separation of spent catalyst from fresh catalyst 
even if the interface is not quite plane. The invention is 
particular useful for alkylation where iso-butane, which 
has the specific gravity 0.6 is alkylated by an olefin in 
the presence of triflic acid acting as a catalyst and hav- 
ing the specific gravity 1.6-1.7 when it is fresh, and 1.2- 
1.4 when it is spent. The light and the heavy acid move in 
such a way that the light, spent acid moves below the heavy 
part, still spent and fresh acid do not mix and they are 
separated by the floats in the chimneys. The float can be 
made from PVC (polyvinyl chloride) having the specific 
gravity 1.4, as this will let fresh catalyst pass down 
through the chimney pipe, while the spent catalyst will ac- 
cumulate between the plates of the separation tray from 
where it can be removed when convenient. 

In a hydrocarbon conversion process such as hydrotreat ing 
or hydrocracking in which a hydrocarbon containing stream 
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is treated by a gaseous reagent such as hydrogen over a 
catalyst in a fixed bed or trickle bed reactor, the product 
stream typically has a density which depends on the conver- 
sion. Hydrotreating converts unsaturated reactants in oil 
5 into saturated compounds by addition of hydrogen. 

The hydrogenated product typically has a lower density than 
the reactants, and therefore it is possible to determine 
the conversion level by the density of the liquid product. 

10 

Similarly in hydrocracking in which the product at the same 
time is more saturated and has lower average molecular 
weight the density of the product normally would be ex- 
pected to fall as the conversion increases. It is, there- 
15 fore, possible to use the separation tray of this invention 
to distinguish a more converted and thus less dense stream 
from a less converted and higher density stream while al- 
lowing the hydrogen containing gas to pass unhindered down 
through the reactor. 

20 

By the use of the density separation tray it is therefore 
possible to withdraw a product that is sufficiently con- 
verted and allowing less converted material to be further 
converted by staying in the reactor under the separation 
25 tray. This minimises the use of hydrogen and at the same 
time, excessive conversion, which may lead to less desir- 
able products, may be avoided. 



